To assess the frequency of adverse outcomes for women who are diagnosed with gestational diabetes mellitus (GDM) by the International Association of the Diabetes and Pregnancy Study Groups (IADPSG) criteria using data from the Hyperglycemia and Adverse Pregnancy Outcome (HAPO) study.
Gestational diabetes mellitus (GDM) is a common metabolic complication of pregnancy defined as glucose intolerance first identified during pregnancy (1) . In the U.S., American Congress of Obstetricians and Gynecologists (ACOG) guidelines for diagnosis of GDM currently consist of a two-step process: screening with a random 50-g glucose load followed by a diagnostic 100-g, 3-h oral glucose tolerance test (OGTT) for those who equal or exceed a designated threshold on the initial screen (2) .
Given the findings of the Hyperglycemia and Adverse Pregnancy Outcome study (HAPO) (3), the International Association of the Diabetes and Pregnancy Study Groups (IADPSG) proposed new criteria for the diagnosis of GDM (4) . In brief, the IADPSG criteria for GDM were based on the average glucose value observed at the fasting time point and 1 or 2 h after a 75-g OGTT for women with at least 1.75 times the odds (relative to the HAPO cohort mean) for birth weight above the 90th percentile, cord C-peptide above the 90th percentile, and percentage body fat above the 90th percentile.
The utility of the IADPSG criteria for diagnosing GDM has generated much discussion regarding conflicting data about maternal and neonatal outcomes (5) (6) (7) (8) . An ongoing question is whether women diagnosed with GDM by IADPSG criteria who are classified as not having GDM based on Carpenter-Coustan (CC) criteria have clear risks of adverse perinatal outcomes. On the basis of these and other concerns, one-step GDM testing using IADPSG criteria has been endorsed by the World Health Organization and the International Diabetes Federation (9,10) but not by ACOG (2) .
The purpose of this analysis was to evaluate whether women with IADPSG criteria for GDM, after excluding those who had GDM based on the CC criteria (11), are at increased risk for adverse outcomes when compared with women with no GDM based on the IADPSG criteria, using data from HAPO. Outcomes of interest included the frequency of large-for-gestational-age newborns (above the 90th percentile for the gestational age-specific threshold), newborn adiposity above the 90th percentile, newborn cord blood C-peptide above the 90th percentile, and other maternal morbidities such as maternal preeclampsia and primary cesarean delivery.
RESEARCH DESIGN AND METHODS
In brief, HAPO was a prospective, observational study of 25,505 pregnant women who underwent a 75-g OGTT between 24 to 32 weeks' gestation at one of 15 centers in 9 countries. The parent study protocol was approved by the institutional review board at all 15 field centers. All participants gave written informed consent. Medical caregivers and participants were "blinded" to glucose tolerance test results, unless glucose values exceeded predefined thresholds, meriting further follow-up (12) (12) . A brief overview is presented here.
Women were excluded from participation in HAPO if they were ,18 years old, delivery was planned at another hospital, the date of the last menstrual period was not definitive and there was no ultrasound estimation from 6 to 24 weeks of gestational age available, they were unable to complete the OGTT within the designated window (24 to 32 weeks' gestation), it was a multiple pregnancy, conception was achieved using gonadotropin ovulation induction or in vitro fertilization, they underwent glucose testing before recruitment or received a diagnosis of diabetes during this pregnancy, they had glucose measurements outside HAPO after enrollment, they had diabetes antedating pregnancy requiring treatment with medication, they participated in another study that may interfere with HAPO, they were known to be HIV-positive or to have hepatitis B or C, they previously participated in HAPO, or they were unable to converse in the languages used on field center forms without the aid of an interpreter.
Participants in HAPO underwent a standard fasting 75-g OGTT between 24 and 32 weeks of gestation. Samples were collected at fasting and 1 and 2 h following the glucose load. To avoid confounding effects of center-to-center analytical variation, all OGTT specimens were analyzed at the HAPO Central Laboratory (Belfast, Northern Ireland, U.K.) using a chemical analyzer (Vitros 750; Ortho Clinical Diagnostics, Rochester, NY), and those results are used here.
For this study, the results of the 75-g OGTT were used to stratify participants into one of three unique (nonoverlapping) groups: 1) women with no GDM per either the IADPSG or CC criteria; 2) women with GDM based on CC criteria (diagnosed if a woman has $2 abnormal values using the following OGTT thresholds: fasting $95 mg/dL; 1 h $180 mg/dL ; 2 h $155 mg/dL); or 3) women meeting IADPSG criteria for GDM (one or more abnormal values using the following OGTT thresholds: fasting $92 mg/dL; 1 h $180 mg/dL; 2 h $153 mg/dL), excluding those meeting CC criteria. Of note, a 3-h result was not used as part of the criteria for CC-based GDM in this study because no such value was available for HAPO participants. Also, while CC criteria were used to identify which subjects would be diagnosed with GDM based on IADPSG criteria for the purposes of this analysis, subjects categorized either as GDM diagnosed based on IADPSG or GDM based on CC criteria would both qualify for GDM per IADPSG criteria. Outcomes of interest were compared among study groups, with women having no GDM based on IADPSG criteria serving as the referent group.
HAPO outcomes examined in this report include birth weight above the 90th percentile, cord C-peptide above the 90th percentile, newborn percentage body fat above the 90th percentile, primary cesarean delivery, neonatal hypoglycemia, sum of skin folds above the 90th percentile, preeclampsia, premature delivery (defined as delivery before 37 weeks' gestation), shoulder dystocia or birth injury, newborn admission to the neonatal intensive care unit (NICU), and hyperbilirubinemia. Ninetieth percentiles for birth weight for gestational age (30-44 weeks only) were determined using quantile regression analyses for each of eight newborn sex-ethnic groups (Caucasian or other, black, Hispanic, Asian), with adjustment for gestational age, field center, and parity. A newborn was considered to have a birth weight above the 90th percentile if the birth weight was greater than the estimated 90th percentile for the baby's sex, gestational age, and ethnicity; field center; and maternal parity. Otherwise, the newborn was considered to have a birth weight below the 90th percentile. Newborn cord blood C-peptide was derived from specimens obtained at the time of delivery; the 90th percentile was derived from the values for the total HAPO sample. Newborn percentage body fat above the 90th percentile was defined based on sex, ethnicity, field center, gestational age ($36 weeks only), and maternal parity using quantile regression analysis. Clinical neonatal hypoglycemia was defined as present if there was notation of neonatal hypoglycemia in the medical record and there were symptoms and/or treatment with a glucose infusion or a local laboratory report of a glucose value ,1.7 mmol/L (30.6 mg/dL) in the first 24 h and/or ,2.5 mmol/L (45 mg/dL) after the first 24 h after birth. Preeclampsia was defined as systolic blood pressure $140 mmHg or diastolic blood pressure $90 mmHg on two or more occasions a minimum of 6 h apart and proteinuria of 1+ or more on a dipstick test or a protein level in the urine $300 mg for a 24-h period. If the criteria for elevated blood pressure were met but those for proteinuria were not, the hypertension was classified as gestational hypertension. Intensive neonatal care was defined by admission to any type of unit for care more intensive than normal newborn care and lasting more than 24 h, or by the death of the baby or transfer to another hospital. Data were excluded for admissions that were only for possible sepsis or sepsis, observation, or feeding problems. Hyperbilirubinemia was defined by treatment with phototherapy after birth, at least one laboratory report of a bilirubin concentration $20 mg/dL (342 mmol/L), or readmission for hyperbilirubinemia.
Maternal and newborn characteristics not used for defining GDM categories or outcomes were compared across the three GDM categories (no GDM, IADPSG GDM [not CC], CC GDM) using ANOVA for continuous variables and x 2 tests for categorical variables. Multiple logistic regression was used to estimate odds ratios and 95% CIs for dichotomous outcomes for both IADPSG GDM (not CC) and CC GDM groups versus the referent group with no GDM. Model adjustments depended on the outcome and are consistent with HAPO analyses using the full cohort (3, 13) . For newborn birth weight, percentage body fat, and sum of skinfolds above the 90th percentile, model I adjusted for variables used in estimated 90th percentiles, and model II additionally adjusted for age, height, BMI, and gestational age at OGTT; smoking; alcohol use; hospitalization before delivery; family history of diabetes; and mean arterial pressure. For cord C-peptide above the 90th percentile, model I adjusted for field center and model II additionally adjusted for age, height, BMI, and gestational age at the OGTT; smoking; alcohol use; hospitalization before delivery; family history of diabetes; parity; baby's sex; mean arterial pressure at the OGTT; and cord glucose. For primary cesarean delivery, model I adjusted for field center and model II additionally adjusted for age, height, BMI, and gestational age at the OGTT; smoking; alcohol use; hospitalization before delivery; family history of diabetes; baby's sex; and mean arterial pressure. For preeclampsia, model I adjusted for field center and model II additionally adjusted for age, height, BMI, and gestational age at the OGTT; smoking; alcohol use; family history of diabetes; family history of high blood pressure; parity; baby's sex; and maternal urinary tract infection. Model adjustments for all other outcomes were the same as for cord C-peptide above the 90th percentile, except that cord glucose was not included in model II adjustments. All analyses were performed using Stata 11. A P value ,0.05 was considered significant. Table 1 presents the maternal and demographic characteristics of the North American cohort by the classification of GDM used for this analysis. Overall, 261 subjects (4.2%) met criteria for GDM based on the CC criteria (GDM by CC), 878 (14.3%) were diagnosed with GDM based on IADPSG criteria but not CC criteria (GDM diagnosed based on IADPSG), and 5,020 (81.5%) had no GDM. Significant differences across groups were noted in this analysis, including maternal age, history of pregnancy, prepregnancy BMI, height, BMI at OGTT, and mean arterial blood pressure; women in the no GDM group were younger, taller, and more often nulliparous and had a lower blood pressure and BMI. Women without GDM were more often Caucasian or African American and less often Hispanic, less often had a family history of diabetes, and had a lower frequency of tobacco use when compared with those in either GDM group. Gestational age at the time of OGTT and newborn sex were not different between groups. Table 2 presents the relevant maternal and neonatal outcomes according to our study groups. Higher frequencies were noted for birth weight above the 90th percentile (15.3% vs. 7.9%), cord blood C-peptide above the 90th percentile (14.5% vs. 6.0%), and newborn percentage body fat above the 90th percentile (15.3% vs. 8.1%) for women diagnosed with GDM based on IADPSG criteria compared with women with no GDM. In addition, the frequencies of primary cesarean delivery (23.9% vs. 17.2%), neonatal hypoglycemia (2.9% vs. 1.3%), newborn sum of skinfolds above the 90th percentile (16.2% vs. 7.6%), and preeclampsia (14.9% vs. 6.4%) were higher for women diagnosed with GDM based on IADPSG criteria compared with those without GDM. These findings were significant in both the model I and model II adjusted analyses. Delivery before 37 weeks was more common for those in the GDM diagnosed based on IADPSG group when compared with those with no GDM (7.7% vs. 6.0%), as was shoulder dystocia (3.0% vs. 1.8%) and NICU admission (8.1% vs. 6.3%). However, these differences were not significant in the adjusted model I and model II analyses. Results for those participants fulfilling criteria for CC-based GDM (also GDM based on IADPSG criteria) had outcome frequencies that were, in general, similar to or higher than those diagnosed with GDM based on the IADPSG criteria.
RESULTS

CONCLUSIONS
Using data from HAPO, we examined the frequencies of adverse neonatal and maternal outcomes for women who would be diagnosed with GDM using IADPSG criteria. For birth weight above the 90th percentile, we observed that infants of women diagnosed with GDM based on IADPSG criteria had a significantly higher frequency of this outcome compared with those with no GDM. Those who would be diagnosed with GDM based on IADPSG criteria also had higher frequencies of newborn percentage body fat above the 90th percentile, cord blood C-peptide above the 90th percentile, primary cesarean delivery, neonatal hypoglycemia, newborn sum of skinfolds above the 90th percentile, and preeclampsia compared with those with no GDM.
The initial HAPO data clearly demonstrated that adverse perinatal outcomes occurred on a linear incremental spectrum of maternal hyperglycemia and not just for those with the highest maternal glucose values. On the basis of these observations, revised criteria were proposed for the diagnosis of GDMdthe IADPSG criteria. One of the key strengths of the IADPSG criteria was the use of the HAPO data and others to derive where maternal hyperglycemia could be clearly correlated to preset thresholds of adverse neonatal outcomes in a large, blinded, prospectively screened, and non-treated cohort (3, 13) . This approach did not have the limitations of traditional criteria for GDM, which are based on identifying women at high risk for the development of diabetes after pregnancy (14,15), nor were they Data are mean (SD), unless otherwise stated. *Characteristics were compared across the categories of no GDM, GDM diagnosed based on IADPSG criteria, and GDM based on CC criteria (also GDM based on IADPSG criteria) using ANOVA for continuous variables and x 2 tests for categorical variables. Maternal glucose values were not compared across groups because they were used to define the IADPSG and CC categories. Newborn birth weight, body fat, sum of skinfolds, cord blood C-peptide, and gestational age at delivery were not compared across groups because these variables were dichotomized and treated as formal outcomes in adjusted logistic regression analyses. UTI, urinary tract infection. Continued on p. 2209 derived from criteria used for nonpregnant individuals (16) . After the publication of the IADPSG criteria, several investigations attempted to clarify the additional benefit of the IADPSG criteria compared with traditional testing in identifying patients at risk for adverse pregnancy outcomes. In a prospective evaluation of subsequent IADPSG screening compared with traditional CC screening, Duran et al. (8) showed significant improvement in several perinatal outcomes when comparing the frequency of maternal hypertensive disorders, cesarean delivery, and NICU admission among all subjects before and after the introduction of IADPSG criteria. In addition, the authors noted a reduction in cesarean delivery and NICU admission when specifically comparing women categorized based on CC criteria versus IADPSG criteria. While IADPSG screening increased the frequency of women diagnosed with GDM, this approach was still noted to be cost-effective. A retrospective analysis by Ethridge et al. (5) also suggested women who would be diagnosed with GDM based on IADPSG criteria have significant increases in adverse pregnancy outcomes compared with women undergoing normal GDM screening. These findings contrast with other data, including a recent publication by Feldman et al. (7) , which cited an increased number of women diagnosed with GDM when using IADPSG criteria, but no difference among largefor-gestational-age newborns or those with macrosomia when either the CC or IADPSG criteria were used. Because of the lack of clarity regarding the additional benefit of universal one-step testing with IADPSG criteria, ACOG continues to recommend traditional testing with a 50-g screen and a diagnostic 100-g OGTT (2) .
In this analysis of adverse neonatal and maternal outcomes for women in North America who do not meet CC criteria for GDM but would be diagnosed with GDM using IADPSG criteria, we sought to address the perceived lack of clear outcome data in these pregnancies. We observed that excessive fetal growth and adiposity are more common among North American women diagnosed with GDM based on IADPSG criteria than those with no GDM. These findings add to the present body of knowledge on this subject in several ways. First, it corroborates the findings of others, without the limitations of retrospective data from small, single centers or inconsistently measured clinical outcomes. These data also are directly applicable to women in North America, since only HAPO centers from the U.S. and Canada were included. Also, because investigators and women in HAPO were masked to the diagnosis of GDM, the outcomes we observed (such as primary cesarean delivery) for those diagnosed with GDM based on IADPSG criteria do not have confounding issues created by antenatally labeling a pregnant woman as having GDM. As another large observational study similar to HAPO is unlikely; the data presented here compose probably the largest, most complete information on risks for women who have GDM based on IADPSG criteria without evidence of traditional GDM based on CC criteria.
We acknowledge the limitations of our study. First, women in HAPO underwent a 75-g, 2-h OGTT and not a 100-g, 3-h OGTT. Therefore the number of additional women who would have fulfilled CC criteria for GDM with an elevated 3-h value is unknown, and we accept that some of these women may have been included in our IADPSG GDM group and could have biased our results by increasing the observed risks of adverse perinatal outcomes. However, while the proportion of women who qualify for GDM with the inclusion of the 3-h result is unknown in a North American population, an investigation of the utility of the 3-h result from Peking Hospital noted that 1.9% of all women evaluated with an OGTT would have been misclassified (17) .
Second, since HAPO participants had a 75-g glucose load, there is also the chance that the observed glucose values within the HAPO data are lower than what might have occurred with a 100-g load (18) (19) (20) . However, the difference in mean glucose values after a 75-or 100-g OGTT are unclear and have been reported to be no different at the *The 90th percentile for gestational age (30-44 weeks only) was determined using quantile regression analyses for each of eight newborn sex-ethnic groups (Caucasian or other, black, Hispanic, Asian), with adjustment for gestational age, field center, and parity (0, 1, $2). A newborn was considered to have a birth weight above the 90th percentile if the birth weight was greater than the estimated 90th percentile for the baby's sex, gestational age, ethnicity, field center, and maternal parity. Otherwise the newborn was considered to have a birth weight at or below the 90th percentile. Model I: Adjusted for the variables used in estimating 90th percentiles. Model II: Model I adjustment plus age, height, BMI, and gestational age at the OGTT; smoking; alcohol use; hospitalization before delivery; family history of diabetes; and mean arterial pressure. †The 90th percentile of the values for the total HAPO sample. Model I: Adjusted for field center. Model II: Model I adjustment plus age, height, BMI, and gestational age at OGTT; smoking; alcohol use; hospitalization before delivery; family history of diabetes; parity; and baby's sex, mean arterial pressure, and cord glucose. ‡Defined based on sex, ethnicity, field center, gestational age (36-44 weeks), and parity using quantile regression analysis. Model I: Adjusted for the variables used in estimating 90th percentiles. Model II: Model I adjustment plus age, height, BMI, and gestational age at OGTT; smoking; alcohol use; hospitalization before delivery; family history of diabetes; and mean arterial pressure. §Model I: Adjusted for field center. Model II: Model I adjustment plus age, height, BMI, and gestational age at the OGTT; smoking; alcohol use; hospitalization before delivery; family history of diabetes; baby's sex, and mean arterial pressure. |Clinical neonatal hypoglycemia was defined as present if there was a notation of neonatal hypoglycemia in the medical record and there were symptoms and/or treatment with a glucose infusion or a local laboratory report of a glucose value #1.7 mmol/L in the first 24 h and/or #2.5 mmol/L after the first 24 h after birth. Models I and II adjusted for the same variables as cord C-peptide .90th percentile, except for cord glucose in Model II. ¶Preeclampsia was defined as systolic blood pressure $140 mmHG or diastolic blood pressure $90 mmHG on two or more occasions a minimum of 6 h apart and proteinuria of $1+ on a dipstick test or a protein level in the urine $300 mg within a 24-h period. If the criteria for elevated blood pressure were met but those for proteinuria were not, the hypertension was classified as gestational hypertension. Model I: Adjusted for field center. Model II: Model I adjustment plus age, height, BMI, and gestational age at the OGTT; smoking; alcohol use; family history of diabetes; family history of high blood pressure; parity; baby's sex; and maternal urinary tract infection. #Models I and II adjusted for the same variables as the models for neonatal hypoglycemia. **Intensive neonatal care was defined by admission to any type of unit for care more intensive than normal newborn care and lasting more than 24 h or by death of the baby or transfer to another hospital. Data were excluded for admissions that were only for possible sepsis or sepsis, observation, or feeding problems. Models I and II adjusted for the same variables as neonatal hypoglycemia. † †Hyperbilirubinemia was defined by treatment with phototherapy after birth, at least one laboratory report of a bilirubin level $20 mg/dL (342 mmol/L), or readmission for hyperbilirubinemia. Models I and II adjusted for the same variables as neonatal hypoglycemia. OR, odds ratio. fasting and 1-h time points, with a minimal difference at the 2-h time point (18) . Furthermore, the observed frequency of GDM based on CC criteria in our data are consistent with the reported incidence of GDM in the U.S. (21) , and our observed outcomes for the IADPSG-based (non-CC-based) GDM are similar to those in a retrospective trial by Ethridge et al. (5) , where a 100-g OGTT was used to classify patients as CC-based GDM and IADPSG-based GDM (non-CC). Finally, within the entire HAPO cohort, the majority of subjects qualify for GDM based on IADPSG criteria with the fasting or 1-h result; only an additional 2.1% achieved the diagnosis with the 2-h result (4).
In conclusion, these results offer robust evidence of adverse neonatal and maternal outcomes for women who have GDM based on IADPSG criteria but not GDM based on the traditional CC criteria compared with women with no GDM based on both IADPSG and CC criteria. Therefore these data provide a rationale to examine whether women with GDM defined by IADPSG but not CC criteria would benefit from treatment relative to a no-treatment group.
